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A  COMPARATIVE  STUDY  OF  HAIM  GAGES 


H.  C.  Storey  and  I.  L.  Hamilton 


The  rain  gage  may  be  termed  the  basic  Instrument  of  the  hydrologist 
because  It  should  provide  the  means  of  answering  his  first  question:  How 
much  water  is  there  to  deal  with?  This  quantity  must  be  known  before  sub¬ 
sequent  questions  relating  to  Infiltration,  stream-flow,  ground  water,  et 
al.  may  be  answered.  It  la  recognized  of  course  that  snow  forms  an  Impor¬ 
tant  source  of  water,  but  this  paper  will  deal  only  with  precipitation  In 
the  fora  of  rain.  The  conventional  rain  gage  consists  of  a  sharp-edged 
collecting  ring,  the  receiver,  made  to  an  accurate  diameter  of  eight 
inches,  a  collector  can,  and  a  support,  the  assembly  having  a  total  height 
of  about  40  inches.  When  it  is  set  up,  the  gage  Is  plumbed  carefully  so 
that  the  rim  of  the  receiver  is  horizontal.  Exposed  in  this  manner  a  rain 
gage  should  sample  rainfall  perfectly  if  it  is  set  on  level  ground  and 
the  rain  Is  falling  straight  down.  These  ideal  conditions  are  practically 
never  realized,  especially  when  the  sampling  is  being  carried  out  in  moun¬ 
tainous  regions  where  wind  movement  is  violent  and  changeable. 

These  conditions  prevail  on  the  San  Dimas  Experimental  Forest^ in 
southern  California  where  the  accurate  measurement  of  the  volume  of  water 
precipitated  on  the  steep  mountain  slopes  is  essential  to  the  watershed 
management  investigations  being  conducted  on  this  area  by  the  Forest  Serv¬ 
ice.  This  is  being  accomplished  by  sampling  rainfall  through  an  extensive 
and  intricate  network  of  standard  rain  gages  distributed  over  an  area  of 
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17,000  acres.  Hie  number  and  the  distribution  of  the  gages  were  determined 
and  cheeked  by  a  statistical  analysis  that  has  been  described  in  a  previous 
publication!^ •  This  analysis  showed  that  the  method  of  sampling  was  suf¬ 
ficiently  accurate  for  the  end  in  view,  providing  the  samples  themselves 
were  accurate. 

It  should  be  interjected  at  this  point  that  none  of  the  rain  gages 
on  the  Experimental  Forest  have  ever  been  shielded.  It  was  believed  that 
sufficient  natural  protection  against  wind  movement  would  be  afforded  by 
the  location  of  the  gages  In  openings  within  the  chaparral  oover  of  the 
mountain  slopes. 

In  order  to  test  the  accuracy  of  the  8-inoh  gage  in  sampling  rain¬ 
fall  at  any  one  locality,  two  studies  were  initiated  on  the  San  Dimas  Forest. 
The  first  has  been  completed  and  described  in  a  paper  entitled  "An  Analysis 
of  Precipitation  Records  from  Standard  Rain  Gages — Vertical  and  Tilted "S/. 
Here  in  one  small  watershed  22  paired  8-inch  gages  were  installed j  at  each 
location  one  gage  was  placed  vertically  and  the  other  normally  to  the 
ground  surface.  Analysis  of  measurements  from  these  gages  showed  a  signi¬ 
ficant  difference  in  that  those  which  were  tilted  normally  to  the  slope 
gave  consistently  higher  readings  than  those  exposed  vertically. 

The  seoond  study,  whioh  is  discussed  in  the  following  pages,  tested 
not  only  the  8-inoh  gage  Installed  vertically  but  also  the  result  of  tilt- 
ingfehe  gage  and  lowering  it  near  and  to  the  ground  bui  face.  Several  other 
types  of  gages  were  also  oomparsd  with  controls  and  the  conventional  gage. 
The  effeot  of  shields  was  not  considered  in  this  study,,  as  it  was  desired 
to  study  the  gages  per  se. 
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Experimental  Procedure 

Since  it  was  essential  to  obtain  a  good  measure  of  the  actual 
amount  of  precipitation  that  reaohes  the  elopes,  three  circular  concrete 
surfaces  were  Installed  to  serve  as  controls  in  the  study.  These  surfaces 
were  10  feet  in  diameter,  laid  flush  with  the  ground  surface  and  parallel 
to  the  slope.  Each  was  provided  with  a  metal  border  strip  to  serve  as  a 
sharp  cutting  edge.  The  surfaces  were  installed  near  the  top  of  a  small 
hill  (see  map  and  profile.  Figs.  1  and  2),  each  on  a  different  exposure, 
one  facing  east,  one  south,  and  the  other  northwest.  The  catch  of  each 
concrete  surface  was  measured  in  catchment  tanks  and  was  assumed  to  be  a 
close  measure  of  rainfall  actually  landing  on  the  earth  in  the  immediate 
vicinity  of  the  surface. 

Immediately  adjacent  to  each  surface,  gages  were  installed  in  the 
following  manner  (Figs.  3  and  4): 

1.  Standard  8-inch  gage  set  vertically  and  at  the  height  above 
ground  prescribed  by  Weather  Bureau  practioe. 

2.  Standard  8-inch  gage  tilted  normally  to  the  ground  surface  and 
at  conventional  height.  This  type  of  exposure  follows  the  recom¬ 
mendation  by  B&iuoa^/ ,  though  omitting  the  shield. 

3.  Standard  8-inch  gage  tilted  normally  to  the  ground  surface  and 
set  in  a  pit  so  that  the  top  of  the  funnel  was  1  foot  above  ground. 
The  recommendation  of  the  British  Meteorological  Office  was  followed 
here  with  the  exception  that  the  gage  was  tilted  normally  to  the 
ground  slope. 

4.  Standard  8-inch  gage  tilted  normally  to  the  ground  surface  and 
set  in  a  pit  so  that  the  top  of  the  funnel  was  flush -with  the  ground; 
the  adjacent  ground  surface  was  covered  with  brush  cuttings  to 
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prevent  splash  into  the  gage.  Here  the  Installation  was  designed 
to  combine  the  features  of  (2)  and  (3)  to  the  best  advantage. 

5.  Standard  3- inch  gage  set  vertically  in  a  pit  so  that  the  top 
of  the  funnel  was  flush  with  the  ground  surface;  ground  surface 
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covered  with  brush  cuttings  to  prevent  splash  into  the  gag« 

This  is  the  good  old  pit  gage  that  has  been  the  subject  of  research 
by  many  Investigators  for  nearly  a  century. 

6.  3-inch  gage  of  standard  height  equipped  with  a  funnel  that  was 
cut  on  a  bias  so  that  the  opening  presented  an  ellipse  in  the  plane 
of  the  ground  surface  and  an  3-inch  circle  on  a  norizontai  plane. 

This  unusual  gags  was  designed  in  an  effort  to  combine  the  effect 
of  a  tilt  on  a  standard  type  of  gags  with  its  ordinary  performance. 

It  is  called  a  Metero  rain  gags'*  after  the  design  suggested  by 
Pers^  and  further  recommended  by  Boutaric^.  however,  the  construc¬ 
tion  of  the  receiver  has  been  simplified  from  that  proposed  by  Pars 
to  simple  circular  and  elliptic  forms  rather  than  a  projection  of 

the  area  whose  rain  oatoh  it  was  designed  to  samuls.  "  S**0  of  *Ais 
has  also  neon  aesL^nea  ana  u sea  by  Hayes  in  northern  Id&ho.2/ 

7.  Trough- type  gags,  which  consists  of  a  trough  having  a  rectangu¬ 
lar  plane  and  a  semicircular  oroes  section.  The  trough  is  9  inches 
wide  and  la  Installed  parallel  to  the  slope,  k  sliding  cover  plate 
makes  it  possible  to  adjust  its  lsngth  so  as  to  expos*  a  constant 
projeotlonal  area  of  220  square  inches  regardless  of  the  slope  on 
which  the  gage  is  set.  halnfall  is  measured  in  tanks  connected  to 
the  trough.  So  far  as  the  authors  have  been  able  to  determine. 


the  trough  type  of  rain  gage  was  first  designed  by  Or.  m.  0.  Lowder- 
milk  and  installed  in  1929  at  the  Devil  Canyon  Branch  of  the  Cali¬ 
fornia  forest  and  Hangs  Experiment  Station  in  southern  California. 
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8*  Four-inch  gage  placed  vertically,  its  receiver  the  same  distance  above 

the  ground  as  the  standard  8- inch  gage. 

The  catch  of  each  gage  and  each  control  surface  was  measured  shortly  after 
each  atom*  all  readings  for  each  gage  and  surface  cere  converted  to  the  equiva¬ 
lent  readings  on  a  horizontal  plane.  This  placed  all  readings  on  the  same  basis 
and  made  the  measurements  applicable  to  horizontal  areas  as  measured  on  maps. 

On  the  crest  of  the  hill  adjacent  to  the  rain-gages  and  the  surfaces  were 
installed  a  wind-direction  transmitter,  an  anemometer,  and  a  tipping-bucket  rain- 
gage,  all  recording.  The  installation  also  included  a  directional  rain-gage 
(Fig.  3)  that  measured  the  amount  of  rain  coming  from  each  cardinal  direction  ae 
well  as  the  average  angle  at  which  It  fell.  This  instrument  Is  called  a  Vecto- 
pluviometer.  It  was  constructed,  although  in  modified  form,  after  an  instrument 
designed  by  Robert  Pers^,  a  professor  at  the  University  of  Grenoble  in  France. 

Results 

Since  this  study  was  designed  to  compare  the  catch  of  the  different  gages 
with  the  concrete  control  surfaces,  the  former  have  been  plotted  as  functions 
of  the  latter  (Fig.  7).  The  line  of  equal  eateh  was  Indicated,  as  well  as  the 
regression  line  for  the  points  plotted.  Regression  coefficients  were  computed 
and  tabulated  according  to  exposure  end  type  of  gage  (Table  1).  Examination 
of  this  table  and  the  graph  (Fig.  7)  shews  that  the  8-inoh  standard  gage  has  a 
mean  regression  coefficient  of  *9704t  that  of  the  8-inoh  gage  placed  verti¬ 
cally  at  ground  level  Is  .9773  while  the  4-lnoh  gage  is  considerably  lower 
with  .94&1 •  The  coefficients  of  all  the  other  gages  are  equal  or  slightly 
higher  for  south  and  east  exposures  and  slightly  lower  for  northwest  exp% _ 
sures.  In  the  ease  of  the  trough  gage,  the  regression  coefficient  of 
.8911  appeared  to  be  lnconaistent  compared  with  1.0020  and  1.0076  for 
the  other  two  exposures.  An  examination  of  the  installation  revealed  that 
a  small  tree  had  increased  in  height  growth  so  much  as  to  interfere  with 
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Table  l.  Tannery  © t  regression  coefficients  for  ail  gsgan  plotted  against 

concrete  surfaces. 


Regression  coefficients  by  exposures 


Type  of  gage 

East 

South 

Sort be 

Mean 

east 

1  -  Standard  a* 

.9889 

•9550 

•9571 

•9704 

•  7  f  ^ 

2  -  Tilted  *8" 

1.0115 

1.0256 

*9644 

♦9987 

3  *  Tilted  6- 

1.0193 

1.0130 

.7457 

•9906 

1  ft.  high 

4  -  Tilted  8" 
at  ground 

1.0073 

1.C00 

.9799 

•9951 

5—  Vertical  8M 
et  ground 

.9974 

.9704 

.9681 

•9773 

6  »  Stereo 

1.0220 

1.0226 

.9684 

i.0020 

7  -  Trough 

1.0020 

1.0076 

.3911 

•9617$4 

l.o->46» 

8-4"  vertical 

.9831 

•9299 

.9312 

.9491 

sJ  -sing  all  tiara®  exposures 
)*J  Northwest  exposure  colt  ted 
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Table  2.  Average  deviations  in  percent  of  various  types  of  .^ges  from  con¬ 
trol  surface  readings,  arranged  by  type  , of  gage,  exposure,  and  class  of 

stonnS/ . 


last  exposure 

South  exposure 

Northwest. 

exposure 

All 

exposures 

Type  of  gage 

CluS 

JG  Of 

storm- 

*  / 
i/ 

Y 

X 

Y 

z 

X 

Y 

£4 

X 

Y 

Z 

Pci 

’ce^t 

1  -  Standard 

4*8 

2.4 

2.5 

10.0 

5-9 

6.4 

12.6 

7.7 

4.4 

9.2 

5.4 

4*4 

2  -  lilted 

6.o 

2.7 

2.9 

10.7 

4*3 

15.9 

3*6 

4*6 

10.9 

4.1 

3.3 

3  -  Tilted  8" 

1  ft.  high 

6.9 

3.6 

4*1 

11.0 

4*0 

2.2 

15.2 

9.3 

5.2 

10.9 

5.6 

3.9 

4  -  Tilted  8” 
at  ground 

5.5 

4.3 

2.9 

8.6 

3.3 

2.0 

11.0 

8.0 

3.2 

8.5 

5.2 

2.9 

5  -  Standard 
at  ground 

6.2 

2.7 

2.7 

9.3 

3*2 

4.9 

12.4 

6.1 

3o 

9.2 

4.0 

3*6 

6  -  Stereo 

10.0 

4.3 

4.4 

10.3 

4.7 

3.6 

12.8 

5.6 

3.9 

10.9 

4.S 

4.0 

7  -  Trough 

5*2 

3.2 

1.4 

7.6 

3.7 

1.9 

37.9 

16.3 

10.6 

10.2 

o*4 

7.8 

3*4 

5-on; 

!•&'</ 

o» 

i 

■JS- 

3 

16*3 

7*5 

o  o 

17.6 

10.7 

7.0 

24.4 

9.9 

6.5 

17  1 

9.4 

5.6 

a/  Classes  of  storms:  X  *  between  0  and  £  inch  of  rainfall 

Y  »  between  \  and  1  inch  of  rainfall 

Z  “  over  1  inch  of  rainfall 

b/  averages  of  all  three  exposures 
c/  Averages  of  east  and  south  exposures 
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1#  Standard  S-inoh  ruin  «  2*  Tilted  5- inch  rain  £oige*  3*  lilted 

S-iaoxi  &u&»»  half  ournc*  4*  Tilted  6-iaou  gag©  sunk  to  ground  level  • 

5*  Vertical  3- inch  gag©  sunk  to  ground  level*  6*  ctereo  rain  gage*  7* 
Trough  rain  gage*  6*  4-laoh  ruin  gage*  T*  *ind  direction  tr<.nt*oitt©r« 
W«  ijiemraaeter.  I*  Intensity  rein  gage*  V*  Yea topluvlowet or »  SOS*  Rain 
catchment  surfaces*  Ji3U  Collector  tuika* 
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PROF  I  L  £,  5 
RAIN  C  A  C,  E.  HILL 
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Flpur©  3.  Photograph  of  rain  gag©  hill 

1*  ftmii irj  o-iach  rain  gage.  2*  lilted  &»i&ch  ruin  gaga*  3*  tilt 
8-inoh  gage,  half  sunk.  4.  Tilted  0-inch  gage  sunkk  to  ground  level.  5* 
Vertical  J-iach  gaga  tfunk  to  ground  level.  6*  htarno  min  suge.  7« 
Trough  rain  gugo.  8.  4-incli  ruin  guge.  T.  Wind  direction  transmitter. 

W.  Anemometer.  I.  Intensity  rain  gaga.  V.  Veotopluricsaoter.  HC3.  HaIa 
catohiaent  surfaces.  collector  tanks. 
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Figure  4 — Close  view  of  g-G^s 
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The  trough  rain  gage  gives  an  excellent  measure  of  rainfall  but  again  its 
construction  is  somewhat  intricate  and  fairly  expensive,  and  furthermore 
it  is  unsuitable  in  the  case  of  snow.  However,  in  mountainous  situations 
where  an  accurate  measure  of  rain  from  a  single  gage  is  desired,  the 
trough  rain  gage  is  highly  recommended,  ihe  4-inch  ^age  is  not  recommended 
where  it  is  desired  to  obtain  reliable  and  consistent  measurements. 

Results  obtained  from  measurements  at  this  installation  are  indica¬ 
tive  of  trends  but  are  probably  conservative  as  to  quantity.  The  compari¬ 
ng/ 

eon  of  vertical  and  tilted  gages  mentioned  previously""  indicates  that 
more  extreme'  differences  may  be  obtained  out  in  the  watersheds. 

The  writers  feel  that  the  question  of  tilting  the  standard  rain 
gage  is  an  important  one.  They  recommend  to  the  committee  on  rainfall  of 
the  American  Geophysical  Union  that  a  new  standard  practice  with  regard 
to  rain  gage  exposure  be  considered  wherein  all  gages  installed  for  hydro- 
logic  use  be  ezposed  normally  to  the  ground  elor*  et  the  site  of  the 
instrument . 
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